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S. aureus deletion strain construction using plasmid pIMAY* 
Supplement to the paper “Use of the counter selectable marker PheS* for genome engineering in 
Staphylococcus aureus” by Christopher F. Schuster, Sophie A. Howard, and Angelika Gründling. 
Microbiology. Protocol based on (1). 

E. coli steps 
1. Produce appropriate pIMAY*-deletion vector (containing approximately 1000 bp up- 

and downstream homology DNA regions) and recover in E. coli XL1-Blue at 37°C LB 
Cm10 

2. Verify construct by sequencing and restriction digest 
3. Transform plasmid into E. coli IM08B onto LB Cm10 plates, 37°C 
4. Next day in the morning - pick a few colonies and inoculate one tube with 5 ml LB 

Cm10 and grow during the day at 37°C  
5. In the evening use 2 ml to inoculate 200 ml LB Cm10 and culture at 37°C and use the 

remaining culture to make a freezer stock 
6. Use the 200 ml ON culture to isolate the plasmid using a midi prep kit  
7. Suspend DNA in 100 µl ddH2O and measure concentration on NanoDrop 
8. If concentration is below 500 ng/µl concentrate in SpeedVac 
9. Dialyze 20-40 µl of DNA against ddH2O for transformation and measure concentration 

using a NanoDrop 

S. aureus steps 
Electroporation 
1. Electroporate 10-20 µl of the dialyzed plasmid into RN4220 (Don’t forget to 

regenerate and incubate the transformants at 28°C) or directly into the desired S. 
aureus target strain such as LAC* if DNA was isolated from E. coli strain IM08B 

2. Plate on TSA Cm10 at 28°C 
3. Incubate plate at 28°C for one or two days 
4. Streak 6 clones on TSA Cm10 plates for singles and incubate the plate at 28°C 
5. Pick a single colony and start 5 ml TSB Cm10 ON cultures at 28°C. Do this with each of 

your 6 single streaks (you will have 6 cultures at this point). 
6. Next day, freeze strains and use culture to test for temperature sensitivity and 

continue with first step of integration 
 
Test for temperature sensitivity  
1. Dilute ONC 10-5 and plate 50 µl each on two TSA Cm10 plates and incubate one plate 

at 28°C one plate at 37°C  
2. Next day determine ratio of colonies on plates. There should only be a handful of 

colonies at 37°C compared to many on the 28°C plate (ratio >> 10) 
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$PCPA: p-chlorophenylalanine, Cm10: 10 µg/ml chloramphenicol, 
*Plates can also be prepared with LBA or chemically defined medium (CDM). CDM offers much stronger 
growth inhibition than LBA or TSA. Use 2.5 mM PCPA with 0.24 mM phenylalanine when using CDM. 
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Allelic exchange (do this step with four or more different clones) 
1. In the morning, transfer 5 µl of the target strain culture from above (28°C) into 5 ml 

pre-warmed TSB Cm10 and grow at 37°C until the evening.  
2. In the evening, transfer 5 µl of the over day cultures into fresh 5 ml pre-warmed TSB 

Cm10 and grow at 37°C overnight (freeze after overnight growth).  
3. Next day, pipette 2.5 µl of the resulting culture onto TSA Cm10 plates pre-warmed at 

37°C, streak for singles and incubate plate overnight at 37°C. (Integration of the 
plasmid can at this be checked as described by Monk et al. (1)) 

4. Inoculate an average looking colony into 5 ml TSB (without drug) and incubate at 28°C 
in the morning (pass 1)  

5. In the evening, transfer 5 µl of the culture into 5 ml of TSB and incubate over night at 
28° (pass 2) 

6. The next day, repeat the previous step in the morning and evening, until strains have 
been passed 5-7 times  

7. Dilute the culture to 10-6 in TSB medium and spread 100 µl on standard TSA and on 
TSA plates containing 20 mM $PCPA and incubate at 37°C over night. For better 
selection LB without or with 20 mM PCPA or CDM plates without or with 2.5 mM 
PCPA can be used*. 

8. A mix of small and big colonies on the PCPA plate should appear. Patch around 100 
colonies from the PCPA plate onto standard TSA plates and TSA Cm10 plates and 
incubate at 37°C. 

9. In addition, check for small colonies on the standard TSA plates from step 7, to ensure 
that the knockout of the gene of interest does not lead to a growth defect. If a mix of 
small and larger colonies is detected, also patch from the standard TSA plate 

10. If Cm sensitive – re streak for singles on standard TSA plates and ensure afterwards 
that single colonies are Cm sensitive by patching again on TSA and TSA Cm10 plates 

11. Once Cm sensitivity is confirmed grow up 5 ml TSB culture and freeze 
12. Spin down culture to isolate genomic DNA and test for integration by PCR using 

primers binding outside of the homology region. 

Preparation of PCPA plates* 
1. Weigh out 8 g TSA or 7 g LBA powder, transfer to a bottle with stir bar and dissolve in 

200 ml ddH2O 
2. In a chemical hood weigh 800 mg of PCPA (toxic) and transfer to bottle 
3. Autoclave mix for 22 min @ 121°C 
4. Place on stirrer immediately after autoclaving has finished in order to properly 

dissolve PCPA. 
5. Pour plates with 25 ml agar and dry before use 
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